One new kojic acid dimer, dikojiacid A (1), one new naturally occurring kojic acid dimer, dikojiacid B (2), one new sesquiterpene, 12-hydroxy-8-ene-3-oxodrimenol (6), as well as three known kojic acid derivatives (3-5) and five sesquiterpenes (7-11) were isolated from a solid culture of the endophytic fungus Aspergillus flavus GZWMJZ-288 with Garcinia multiflora. The structures of the new compounds were determined on the basis of spectroscopic data and ECD calculation. This is the first report for the natural kojic acid dimers by which Aspergillus flavus GZWMJZ-288 avoids the injury from acetaldehyde.
In order to discuss the chemical symbiosis relationship and find new bioactive compounds, we studied the endophytes and their secondary metabolites with G. multiflora. An endogenous fungal strain GZWMJZ-288 identified as Aspergillus flavus was isolated from the fruit of G. multiflora. It was reported that Aspergillus flavus produced kojic acid, cyclohexanone, indole diterpenoids and pyrenes [6] . In this paper, we report the isolation and structure elucidation of five kojic acid derivatives (1) (2) (3) (4) (5) and six sesquiterpenes (6-11) from Aspergillus flavus GZWMJZ-288 ( Figure 1 ). Dikojiacid A (1) is a new kojic acid dimer and 12-hydroxy-8-ene-3-oxodrimenol (6) is a new sesquiterpene, while dikojiacid B (2) is a new naturally occurring kojic acid dimer.
Dikojiacid A (1) was isolated as colorless solid, with a molecular formula of C 16 signals and two methyl signals. The NMR comparison revealed that 1 contains two parts of kojic acid (3) [7] as well as an ethylene group and an acetyl group. The HMBC correlations from H-8 to C-3/3' and H-9 to C-2/2' (Figures 1 and S5 ) indicated that two parts of kojic acid were linked through an ethylene group. The acetyl group was placed at C-7 from the HMBC correlation of H-7 (δ H 4.94) to acetyl carbonyl carbon (δ C 169.8). that is so-called planar structure, was thus identified as shown. 3 -methine signal, six methylenes signals (including two oxygenated methylenes), and three methyls signals. These data were quite similar to those of the known 12-hydroxy-3-oxodrimenol [10] , except that the ∆ 7 -double bond shifted to ∆ 8 . This was further supported by the HMBC correlations from H-7 (δ H 2.28) and H-12 (δ H 4.07 and 4.15) to C-9 (δ C 144.1), and H-11 (δ H 4.14 and 4.21) to C-8 (δ C 136.7). In the ROESY spectrum ( Figure S18) , cross peaks between H 3 -13/H-1a, H-5/H-1b and H 3 -15/H-5 were observed, suggesting that H 3 -13 and H-5 were trans-oriented. The absolute configuration of 6 was determined by the measurement and calculation of electronic circular dichroism (ECD). The calculated ECD of (5R,10S)-6 and (5S,10R)-6 were obtained by means of the TD-DFT at the B3LYP/6-31G(d) level [8] . The measured ECD is consistent with the calculated ECD of (5R,10S)-6 but opposite that of (5S,10R)-6 (Figure 2) . Therefore, the structure of 6 was elucidated as (5R,10S)-11,12-dihydroxydrim-8-en-3-one. All the isolates were evaluated for their inhibitory effects on tyrosinase for the reason that kojic acid is an inhibitor of tyrosinase [16] . However, none of the compounds showed obvious activity except for kojic acid (3). The inhibition rates for compounds 1-11 were 27.9%, 36.4%, 90.2%, 26.5%, 26.9%, 41.0%, 34.2%, 30.5%, 41.9%, 31.5% and 49.3%, at a concentration of 1 mM, respectively. Kojic acid (3) inhibits the tyrosinase by complexing the copper ion in the active center. According to the result, the hydroxyl at C-5 are essential for the activity of kojic acid. But, the kojic acid dimers didn't exhibit inhibitory activities tyrosinase. It is possible that the dimer cannot enter the center of tyrosinase to complex the copper ions. Acetaldehyde is harmful to microbes. However, the Aspergillus flavus GZWMJZ-288 could avoid the injury by synthesizing the kojic acid dimer from the reaction of the kojic acid with acetaldehyde.
Experimental

General experimental procedures:
Optical rotations were determined on a JASCOP-1020 digital polarimeter. UV spectra were measured on a Waters 2487 dual λ absorbance detector. ECD Kojic acid derivatives and sesquiterpenes from Aspergillus flavus Natural Product Communications Vol. 13 (11) 2018 1423 spectra were collected using a JASCO J-715 spectropolarimeter. IR spectra was recorded on a Nicolet Nexus 470 spectrophotometer as KBr disks.
1 H, 13 C NMR and 2D NMR spectra were recorded on INOVA-400 MHz using TMS as an internal standard. ESIMS and HR-ESIMS analysis were carried out on Waters Xevo TQS and Agilent Technologies 6530 Accurate-Mass Q-TOF LC/MS, respectively. Column chromatography was performed on silica gel (200-300 mesh; Qingdao Marine Chemical Co. Ltd., China), Sephadex LH-20 (Amersham Biosciences, Uppsala, Sweden), silica gel H, and plates precoated with silica gel GF254 (Qingdao Marine Chemical Factory, Qingdao, China), respectively. HPLC separation was performed on HITACHI Primaide with an ODS column [YMCpack ODS-A, 10×250 mm, 5μm, 4 mL/min]. Chiral separation was performed using a chiral column [CHIRALPAK IC, 4.6×250 mm, 1 mL/min].
Fungal material:
The fungal strain GZWMJZ-288 was isolated from the fruit of Garcinia multiflora that was collected in Libo, Guizhou Province of China in September 2014, and was identified by Dr. Wei Gu. A voucher specimen (H20140909) was deposited at the key Laboratory of Chemistry for Natural Products of Guizhou Province and Chinese Academy of Sciences.
The fungal strain GZWMJZ-288 was identified as Aspergillus flavus by analyses of the ITS gene sequence (NCBI GenBank accession No. MH041190). The BLAST searching result showed 99% sequence identity to Aspergillus flavus CMXY18241 (NCBI GenBank accession No. MG991622). A reference culture is stored in Zhu's laboratory at −80 °C. The producing strain was prepared on PDA (potato dextrose agar) slants and stored at 4 °C.
Fermentation, extraction and isolation:
The fungal strain GZWMJZ-288 was cultured on PDA at 28 °C for 3 d to prepare the seed culture. Plugs of agar supporting mycelium growth were cut and transferred aseptically to 100 × 1000 mL Erlenmeyer flasks each containing rice medium composed of 100 g rice and 120 mL distilled water. The flask was incubated at r.t. under static conditions for 30 d. The cultures were extracted three times by EtOAc (each 500 mL) and the combined EtOAc extracts were dried in vacuo to yield 67.5 g of extract.
The EtOAc extract (67.5 g) was chromatographed on a silica gel column using step gradient elution of CH 2 Cl 2 -MeOH (0-100%, v/v) to yield eleven fractions (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Fraction 2 (5.6 g) was further separated into seven subfractions by Sephadex LH-20 eluting with MeOH-CH 2 Cl 2 (1:1, v/v). Subfraction 2-3 (1.5 g) was applied to a RP-C18 column eluting with a gradient of MeOH-H 2 O (40%-100%, v/v) to get four subfractions. Fraction 2-3-1 (58 mg) was purified by semi-preparative HPLC (20% MeOH/H 2 O) to yield 5 (24.3 mg, t R 14.0 min). Fraction 2-3-2 (79 mg) was purified by semi-preparative HPLC (60% MeOH/H 2 O) to yield 8 (7.8 mg, t R 9.1 min), 9 (6.6 mg, t R 11.0 min) and 10 (6.2 mg, t R 14.3 min). Fraction 4 (2.3 g) was further separated into eleven subfractions by Sephadex LH-20 eluting with MeOH-CH 2 Cl 2 (1:1, v/v). Fraction 4-6 (0.6 g) was subjected to a silica gel column, eluted with petroleum ether-ethyl acetate (1:1, v/v) to afford two subfractions. Fraction 4-6-1 (46 mg) was further purified by semi-preparative HPLC (60% MeOH/H 2 O) to yield 7 (3.5 mg, t R 5.2 min), 6 (3.3 mg, t R 6.7 min) and 11 (7.6 mg, t R 9.0 min). Compound 3 (280.2 mg) was crystallized from subfraction 4-9 (0.7 g) and washed with MeOH. Fraction 9 (2.1 g) was further separated into six subfractions by Sephadex LH-20 eluting with MeOH-CH 2 Cl 2 (1:1, v/v). Subfraction 9-5 (194 mg) was purified by semi-preparative HPLC (30% MeOH/H 2 O) to yield 4 (3.5 mg, t R 4.5 min), 2 (22.2 mg, t R 7.0 min) and the racemic 1 (12.7 mg, t R 10.3 min). The racemic 1 was further purified over a Chiralpak IC column (35% EtOH-n-C 6 H 14 containing 0.025% CF 3 CO 2 H) to give the optically-pure (-)-1 (1.0 mg, t R 23.3 min) and (+)-1 (0.5 mg, t R 26.6 min).
Inhibitory on Tyrosinase Assay: The inhibitory activity of tyrosinase was determined by the procedure previously reported [17] . Test compounds were dissolved in MeOH to 5 mM. 120 μL of L-dopa (8 mM, dissolved in 67 mM phosphate buffer, pH 6.8) and 40 μL of either the buffer or test compound were added to each well of a 96-well microplate, and then 40 μL of tyrosinase (125 U) was added and the enzymatic reaction was performed at 37 °C for 30 min. Finally, the absorbance at 490 nm was measured spectrophotometrically. 
